Background: To accommodate the need for longitudinal physical activity research, we developed the Physical Activity Questionnaire for Adults (PAQ-AD). The PAQ-AD is an adult version of the PAQ-C and PAQ-A questionnaires which were developed for older children and adolescents, respectively. Methods: Two studies assessed the convergent validity of the PAQ-AD using a series of self-report tools and direct measurement of physical activity. Results: In the first sample (N = 247), the PAQ-AD was significantly related to a series of self-report tools (r = 0.53 to 0.64). In the second sample (N = 184), the PAQ-AD was significantly related to the self-report tools (r = 0.56 to 0.63), a physical activity recall interview (r = 0.24), and to direct measurements of physical activity (r = 0.26 to 0.43). Conclusion: These results provide preliminary validity evidence for the PAQ-AD and suggest the PAQ "family" of questionnaires might be advantageous for longitudinal research assessing physical activity from childhood to adulthood.
childrens' and adolescents' moderate to vigorous physical activity. They employ a common scoring scheme, have been used to classify subjects into different levels of physical activity, and have examined the relationship between physical activity and health outcomes. [7] [8] [9] [10] [11] Both instruments have been cited in recent reviews of physical activity assessment. [12] [13] [14] Validation studies comparing the PAQ-C and PAQ-A to other measures of physical activity have consistently produced correlation coefficients that meet or exceed results from other recall instruments. 5, 6 Although the PAQ questionnaires have been used in longitudinal research with children and adolescents, 7 an adult version is necessary in order for the PAQ "family" of questionnaires to be a useful assessment tool of physical activity from childhood into adulthood. Therefore, the primary purpose of this research was to develop the Physical Activity Questionnaire for Adults (PAQ-AD), a modified version of the PAQ-C and PAQ-A. As evidence of convergent validity, we expected the PAQ-AD to be significantly related to other commonly used physical activity measures.
Study 1

Method
The purpose of Study 1 was to develop the PAQ-AD and to evaluate the convergent validity of the new measure using other previously validated self-report physical activity questionnaires. We wanted to examine whether there was preliminary validity evidence to support the PAQ-AD prior to employing a more intensive multiple methods approach (see Study 2) .
Subjects
A convenience sample of 247 students (113 males, 133 females, and 1 subject who did not specify gender) from an introductory university kinesiology class was recruited for this project. The mean age of the subjects was 19.8 ± 2.5 y. All subjects gave written informed consent, and participation was voluntary with no penalty for nonparticipation. All procedures were approved by the University of Saskatchewan Research Ethics Board.
Measures
Physical Activity Questionnaire for Adults (PAQ-AD). The PAQ-AD (see Appendix) is a 7-item adult version of the Physical Activity Questionnaire for Older Children (PAQ-C) 5, 7 and Physical Activity Questionnaire for Adolescents (PAQ-A). 6 To make the PAQ-AD appropriate for adults, some activities on the original PAQ-C activity checklist were modified to be more age-relevant (e.g., skipping was replaced with rock climbing). In addition, the PAQ-C items structured around the school day (i.e., physical education, recess, lunch, after school, evening) were replaced with items structured around day segments (i.e., morning, after lunch and before supper, evening). Remaining items were similar to those on the PAQ-C and PAQ-A, with the addition of adult-appropriate activity examples. The total activity score on the PAQ-AD is calculated as the mean of 7 items (each scored on a 5-point scale). The means for questions 1 and 7 are each calculated as a composite score based on the mean of all items in that question. A total activity score of 5 represents high activity and 1 represents low activity. An eighth item was also included, to determine if sickness or other events prevented normal physical activities, but it is not used in the calculation of the summary activity score. Activity Rating. The single-item activity rating asks for a general rating of activity from 1 (much less active) to 5 (much more active) compared to others of the same age and sex. 15 Sallis et al. 15 found that the activity rating was related to body-mass index, heart rate, and predicted VO 2max , but not energy expenditure for adult males and females. A similar question was shown to have correlations with continuous energy expenditure scores ranging from 0.25 to 0.31 across adult age groups and gender. 16 In previous PAQ validation work with children and adolescents, the activity rating was related to PAQ-C (r = 0.57 to 0.63) 5 and PAQ-A (r = 0.73). For LTEQ 2 a high score (3) indicates a low physical activity level, so LTEQ 2 will correlate negatively with many other physical activity measurements. With adults, 1-month test-retest reliability for LTEQ 1 and LTEQ 2 was r = 0.62 and r = -0.69 respectively, and they have been shown to be related to accelerometer motion scores (LTEQ 1, r = 0.32; LTEQ 2, r = -0.29) and VO 2max scores (LTEQ 1, r = 0.56; LTEQ 2, r = -0.57). 18 In previous PAQ validation work with children and adolescents, the LTEQ was related to PAQ-C (LTEQ 1, r = 0.41; LTEQ 2, r = -0.57) 5 and PAQ-A (LTEQ 1, r = 0.57; LTEQ 2, r = -0.62).
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Healthy Physical Activity Questionnaire (HPAQ). The HPAQ is a 3-item questionnaire that is used widely as part of the Canadian Physical Activity, Fitness, and Lifestyle Appraisal (CPAFLA). 19 The 3 questions ask about the frequency (1) and intensity (2) of physical activity, as well as current fitness level (3). The current scoring system is a revised version of the scoring system provided by Shephard and Bouchard, 20 and the reliability of the current scoring system has not been tested. 2 The questions have been shown, however, to be significantly correlated to 5 components of health-related fitness as determined by a principal components analysis. 21 The HPAQ was not used in previous PAQ validation work with children and adolescents.
Self-report Physical Activity Recall (SR-PAR).
The SR-PAR is a modified version of the interviewer-administered Physical Activity Recall. 22 The SR-PAR is used to estimate recent physical activity participation in occupational, leisure, and home activities over the previous 7-d period. 23 With adults, the SR-PAR has been significantly related to Caltrac accelerometer scores (r = 0.79) 23 and the LTEQ (r = 0.37). 23 The SR-PAR was not used in previous PAQ validation work with children and adolescents.
Procedures
Subjects completed all measures at the same time in a classroom setting, which took approximately 15 min. Questionnaires were completed in the following order: PAQ-AD, Activity Rating, LTEQ, HPAQ, and SR-PAR. A research assistant gave verbal instructions and was available to answer questions.
Results and Discussion
The summary statistics for the PAQ-AD, Activity Rating, LTEQ, HPAQ, and SR-PAR are shown in Table 1 . Pearson product-moment correlations among physical activity measures are shown in Table 2 . Examination of skewness, kurtosis, and histograms of all measures demonstrated that the LTEQ 1, HPAQ, and SR-PAR violated the assumption of a normal distribution. 24 Subsequently, the non-normal distributions were transformed to meet the assumptions of the analysis using square root, inverse, or log transformations. 24 The correlations among variables were similar, however, once the variables were transformed, and only the untransformed data results are presented. The correlations supported the hypothesis that the PAQ-AD would be related to the other measures of physical activity, with correlations ranging from 0.53 to 0.64. These results provided encouraging evidence of convergent validity; however, it was important that the validity of the PAQ-AD be examined with a more diverse sample using multiple methods of physical activity assessment.
Study 2
Method
The purpose of Study 2 was to cross-validate the results of Study 1 using a more diverse adult sample and including direct measurements and a one-on-one interview of physical activity, in addition to self-report data.
Subjects
Subjects (N = 184) were predominantly middle-class Caucasian and were recruited from both the university and general community. The full sample consisted of 61 males and 122 females with a mean age of 30.5 ± 13.5 y. The university sample (n = 123) included students from a variety of faculties including Fine Art, Education, Commerce, Kinesiology, and Engineering. The general community sample included a group of physiotherapists (n = 14), nurses (n = 21), and members of an exercise program at a local community center (n = 26). All subjects provided written informed consent.
Measures
The PAQ-AD, Activity Rating, LTEQ, and HPAQ were the same as in Study 1.
Seven-Day Physical Activity Recall Interview (PAR).
The PAR is a standardized interview during which subjects recall light, moderate, hard, and very hard activity over the previous 7 d and includes an index of caloric expenditure. 22 Twoweek test-retest reliabilities were r = 0.08 for moderate activity, r = 0.31 for hard activity, and r = 0.61 for very hard activity. With adults, the PAR interview has been shown to be significantly related to self-report logs on weekdays and weekend days (r values ranging from 0.39 to 0.75) 25 and uniaxial/triaxial accelerometers and pedometers (r values ranging from 0.82 to 0.94). 26 In previous PAQ validation work with children and adolescents, the PAR interview was related to the PAQ-C (r = 0.46) 5 and the PAQ-A (r = 0.59).
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Caltrac Motion Sensor. The Caltrac (Muscle Dynamics, Torrance, CA) is an electronic, single-plane accelerometer that measures vertical acceleration of the body. Mean movement counts can be obtained from the Caltrac by standardizing the age, gender, height, and weight input data for all subjects. 6 For adults, the Caltrac has been shown to be related to the SR-PAR (r = 0.79), 23 various motion sensors, and indirect calorimetry (r values ranging from 0.47 to 0.88). 27, 28 In previous PAQ validation work with children and adolescents, Caltrac activity counts were related to PAQ-C (r = 0.39) 5 and PAQ-A (r = 0.33).
MTI Actigraph. The AM 7164 Actigraph (formerly known as the CSA) is a small, uniaxial accelerometer (Manufacturing Technologies, Inc., Fort Walton Beach, FL). The specified data collection interval (epoch) was set at 1 min. For this study the data were expressed as average counts per minute and average minutes per day of moderate to vigorous intensity physical activity (>3 METs). The Actigraph has been shown to have high intra-and inter-instrument reliability with intraclass correlation coefficients (ICC) ranging from 0.71 to 0.99, depending on the speed of movement. 29 In adults, Actigraph counts are significantly related to energy expenditure measured via indirect calorimetry (r = 0.80), to heart rate (r = 0.66), and to relative VO 2 (r = 0.82). 28 Actigraph counts are also related to Caltrac activity counts (r = 0.78), but the Actigraph has the advantages of smaller size and an internal clock. 28 The Actigraph was not used in previous PAQ validation work with children and adolescents.
Procedures
All subjects completed the questionnaires in small groups. Questionnaires took approximately 10 min to complete and were done in the following order: PAQ-AD, Activity Rating, LTEQ, and HPAQ. A research assistant gave verbal instructions and was available to answer any questions. A sub-sample of the subjects (n = 92) wore an objective physical activity measurement device for 7 d following the completion of the questionnaires. The order of procedures was chosen to be consistent with previous PAQ-C and PAQ-A validation studies. 5, 6 The PAQ was administered first to minimize the influence of other questionnaires, interviews, and objective monitoring on subjects' responses on the PAQ. The objective measures assessed a different week than the PAQ-AD because of the potential confound monitoring physical activity could have on self-report recall and PAQ-AD responses.
Sixty-six subjects wore a Caltrac motion sensor and 42 wore an MTI Actigraph for seven consecutive days (note that 16 of these subjects wore the Caltrac and MTI concurrently to allow us to examine the correlations between the two objective measures). The Caltrac was used to allow more direct comparisons to previous research examining the validity of the PAQ-C and PAQ-A; however, the MTI was also used because of its ability to more accurately record the times when the device was worn by the subjects. Similar to previous research, 5, 6 standardized constants were entered into the Caltrac. Both the Caltrac and the MTI were worn in a holster on a belt and were positioned on the hip. The Caltrac was taped in the holster to prevent tampering. Subjects maintained a log sheet for the 7-d collection period where they recorded times the device was removed for showering or sleeping. Data were included only from subjects who wore the device for at least 5 of the 7 d including at least one weekend day. Four subjects did not wear the Caltrac and 1 subject did not wear the MTI for the minimum 5 d. Two Caltracs malfunctioned and did not provide usable data.
At the end of the 7 d the activity data from the Caltrac were recorded and corrected for the number of days the device was worn. The data from the Actigraph were downloaded and cleaned to remove times the device was not worn. The Actigraph data were averaged to provide average counts per minute. In addition, the average minutes of moderate to vigorous intensity movement were calculated based on previously published cut-off count values and corresponding MET values. 30 At the end of the 7-d collection period the subjects were interviewed by a research assistant using the PAR.
Results and Discussion
The summary data for the PAQ-AD and the other physical activity measures are presented in Table 1 . Pearson product-moment correlations among physical activity measures are shown in Table 3 . Similar to Study 1, examination of skewness, kurtosis, and histograms of all measures demonstrated that the LTEQ 1, HPAQ, Caltrac, and PAR violated the assumption of a normal distribution and were subsequently transformed. 24 The correlations among variables were similar after transformation, however, and only the untransformed data results are presented. The PAQ-AD was significantly related to all other questionnaires with correlations ranging from r = 0.54 to 0.63. The objective physical activity measurements were moderately related to the PAQ-AD, with the relationship being stronger with the MTI Actigraph than the Caltrac (r = 0.43 vs. r = 0.26). The PAQ-AD was also weakly related to the PAR (r = 0.24). The magnitude of the correlations is consistent with previous validation studies of physical activity measurement using the PAQ-C and PAQ-A.
5,6
General Discussion
The results of these 2 studies indicate that the PAQ-AD correlates moderately with other measures of physical activity in adults; as a result, the 3 versions of the PAQ questionnaire (PAQ-C, PAQ-A, and PAQ-AD) provide a potentially useful "family" of physical activity measures for longitudinal research projects that need to assess moderate to vigorous physical activity levels across a number of years. Mean data for all questionnaires in the current PAQ "family" are shown in Table 1 . The PAQ-C and PAQ-A data are from the validation studies of those questionnaires. 5, 6 The sample of children had the highest self-reported activity levels according to all measures including the PAQ and there was a general trend for the PAQ and the other measures to all show similar changes with different populations. More work is needed to determine if the PAQ functions similarly in children, adolescents, and adults, which would be a distinct advantage to longitudinal research. It is difficult to say if the PAQ family is the best set of measures to use from childhood to adulthood. There are other tools available that might be appropriate as well, including the measures that were used in the various PAQ validation studies; however, every physical activity measure has its own strengths and limitations. The advantages of the PAQ are its low cost and ease of administration, and unlike many questionnaires it has approximately normal distribution properties.
Although there might be other measures for adults that are as robust as the PAQ-AD, the PAQ-AD has the advantage of being consistent with the other PAQ questionnaires, which were developed specifically for, and validated with, children and adolescents. Compared to other methods, the PAQ-C and PAQ-A generally have stronger correlations to other criterion measures of physical activity in children and adolescents. 5, 6 This research represents only the first step in the validation of the PAQ-AD. There is a need for further validation of the PAQ-AD with other, more diverse adult samples. The subjects in these studies were predominantly university students and professionals. It is also not known if the PAQ-AD is appropriate for older adults, and it is important to assess the sensitivity of the PAQ-AD to detect a wide range of moderate to vigorous activities across various stages of adulthood. In addition, future research is needed to further examine the equivalency of the PAQ family of questionnaires, perhaps using direct measurement of physical activity or energy expenditure. This preliminary evidence, however, suggests that the PAQ family of recall questionnaires might be a useful, low-cost measure for longitudinal physical activity research that spans from childhood to adulthood.
